Abstract. We evaluate theoretically the radiative decay widths into γΛ and γΣ 0 of the two poles of the Λ(1405) found in chiral unitary theories and we find quite different results for each of the two poles. We show that, depending on which reaction is used to measure the Λ(1405) radiative decays, one gives more weight to one or the other pole, resulting in quite different shapes in the γΛ(Σ 0 ) invariant mass distributions. Our results for the high-energy pole agree with those of the empirical determination of the γΛ and γΣ 0 radiative widths (based on an isobar model fitting of the K − p atom data), which are sometimes referred to as "experimental data". We have made a detailed study of the 
0 of the two poles of the Λ(1405) found in chiral unitary theories and we find quite different results for each of the two poles. We show that, depending on which reaction is used to measure the Λ(1405) radiative decays, one gives more weight to one or the other pole, resulting in quite different shapes in the γΛ(Σ 0 ) invariant mass distributions. Our results for the high-energy pole agree with those of the empirical determination of the γΛ and γΣ 0 radiative widths (based on an isobar model fitting of the K − p atom data), which are sometimes referred to as "experimental data". We have made a detailed study of the K − p → π 0 γΛ(Σ 0 ) and π − p → K 0 γΛ(Σ 0 ) reactions and have shown that they, indeed, lead to different shapes for the γΛ(Σ 0 ) invariant mass distributions. 
Introduction
The nature of the Λ(1405) has been in dispute since the early days. In most quark-model calculations, it is described as a p-state q 3 baryon with mainly a SU(3) singlet structure [1] . On the other hand, the Λ(1405) resonance has long been suggested to be a bound state of thē KN system, and therefore of q 4q structure [2] . In recent years, this argument has been strengthened within the unitary extensions of chiral perturbation theory UχPT [3, 4, 5, 6, 7, 8, 9, 10] . A particularly interesting discovery is that the nominal Λ(1405) is a superposition of two resonances. This was hinted in [6] and studied in detail in [7] , where two poles were found on the second Riemann sheet at 1390 − i66 MeV and 1426 − i16 MeV, respectively. More recently, the studies of theKN interaction have been extended by including higher order chiral Lagrangians in the kernel of the interaction [11, 12, 13, 14] . The position of the high-energy pole is rather similar in all these works and in [7] , but there are variations in the position of the low-energy pole. Nevertheless, the theoretical uncertainties have been studied in [14] and the results of Ref. [7] fit well within them. As first demonstrated in Ref. [7] , due to the fact that these two poles couple differently to the coupled channels, different reactions could observe different invariant mass distributions, thus offering the possibility to experimentally test the two-pole prediction. The reactions γp → K + Λ(1405) and K − p → Λ(1450)γ are shown a E-mail address: lsgeng@ific.uv.es b E-mail address: oset@ific.uv.es c E-mail address: michael.doering@ific.uv.es to be sensitive to the high-energy pole of the Λ(1405) and thus the corresponding invariant mass distributions exhibit a peak at ∼ 1420 MeV [15, 16] . On the other hand, the reaction π − p → K 0 πΣ seems to give more weight to the low-energy pole and thus exhibits a peak around 1390 MeV in the πΣ invariant mass distributions [17] . Such a two-pole structure of the Λ(1405) has recently been tested by the reaction K − p → π 0 π 0 Σ 0 [18] , as demonstrated in Ref. [19] .
The electromagnetic transition rates of excited baryons to their respective ground states provide a relatively clean probe of the structure of the baryons. In this respect, we expect that the radiative decay widths of the Λ(1405) can offer us some clues on its two-pole structure. However, the radiative decays of the excited hyperon states have very small branching ratios and to date very few electromagnetic transition rates have been measured. Recently, the CLAS collaboration at Jefferson Lab has reported a new measurement of the radiative decay widths of the Σ 0 (1385) and the Λ(1520) [20] , which, as argued in Ref. [21] , suggests that the wave functions of the hyperon ground states should contain sizable components of excited quark states (configuration mixing). As for the Λ(1405), there is no direct measurement of its radiative decay widths. Using an isobar model to fit the K − p atom data of Ref. [22] , H. Burkhardt and J. Lowe [23] obtained the following numbers:
Γ Λ(1405)→γΛ(1116) = 27 ± 8 keV, Γ Λ(1405)→γΣ 0 (1193) = 10 ± 4 keV or 23 ± 7 keV, which are sometimes quoted as "experimental data" in the literature.
Λ(1405) P P Fig. 1 . The radiative decay mechanism of the Λ(1405), where M B can be any of the four charged channels of the ten coupled channels:
On the other hand, as shown in Ref. [24] , the UχPT model of Refs. [4, 5] can also describe rather well the K − p atom data of Ref. [22] . Therefore, it is truly desirable to calculate the radiative decay width of the Λ(1405) within the same framework. The model of Ref. [4] was calibrated using the following threshold branching ratios:
With the same set of parameters, in Ref. [24] , the following branching ratios are obtained:
which are all in reasonable agreement with the data (shown in the parentheses) [22] . We have made use of this model [4] and have evaluated the branching ratios for other reactions as shown below:
where the numbers in the parentheses are the experimental data [25] . These same data are used to fix the strong coupling constants in the isobar model of Ref. [23] to deduce the radiative decay widths of the Λ(1405).
As we have seen, with the use of only one cut-off parameter and the lowest-order chiral Lagrangian, one can reproduce fairly well all the low energy data related to the Λ(1405), both strong and electromagnetic. In this work, we extend the unitary coupled-channel chiral approach of Refs. [4, 5] to investigate the radiative decay widths of the Λ(1405). We also study several related reactions to investigate the possibility of experimentally testing the two-pole structure of the Λ(1405) and the predictions of the present work.
This paper is organized as follows. In Sect. 2 we calculate the radiative decay widths of the Λ(1405), discuss how these numbers are closely related to the chiral structure of our approach and compare our predictions with those of other theoretical models. In Sect. 3 we study the reactions
. There we show that while the first reaction stresses the high-energy pole of the Λ(1405) in both the γΛ and γΣ 0 channels, the second reaction gives more weight to the low-energy pole in the γΣ 0 channel. Conclusions and a brief summary are presented in Sect. 4.
The radiative decay width of the Λ(1405)
In the picture of the Λ(1405) as a dynamically generated resonance from the meson baryon interaction, the coupling of the photon to the resonance proceeds via the coupling to its meson and baryon components. Gauge invariance is preserved in this picture as shown in Ref. [26] . In practical terms, as shown in Refs. [27, 28] , it means that the mechanisms for the Λ(1405) decay into γΛ or γΣ 0 are given by the diagrams shown in Fig. 1 . The corresponding t-matrix elements read
with σ µ = (0, σ), where i denotes any of the ten coupled channels
(1) Q i is the electric charge of the meson of channel i, which is −1, 0, 0, 0, 0, 0, 1, −1, 1, and 0, respectively, for the ten coupled channels with the order given above. The coupling constants of the Λ(1405) to various channels, g Λ(1405)→i , are given in Table 1 . It is to be noted that the couplings tabulated in Table 1 are for isospin channels; therefore, appropriate isospin projections are needed when used in Eq. (1). The coupling constants α i and β i for the 4 charged channels 
Since the only external momenta available in the present process are P (the Λ(1405) 4-momentum) and k (the photon 4-momentum), the most general amplitude can be written as [since we are going to neglect the magnetic term in calculating the diagram (c) as explained later]
with
Due to the Lorentz condition ǫ ν k ν = 0, the two terms proportional to c and e vanish. Furthermore, gauge invariance requires that G µν k ν = 0, i.e.
which implies that b = 0 and
Following these arguments, T only contains the a and d terms. This can be further simplified by noting that in the rest frame of the Λ(1405), P = 0, and taking Coulomb gauge for the photon, ǫ 0 = 0, only the a term survives. However, the a term can be more easily computed by employing the relation of Eq. (5). This is due to the fact that on one hand, the d coefficient is found convergent since, due to dimensional reasons, it involves two powers of momentum less in the loop functions than other individual terms, and on the other hand, there are fewer terms which contribute to the d coefficient.
Immediately, one realizes that the diagram (a) shown in Fig. 1 does not contribute to the d term; therefore to calculate G µν , we only need to calculate the diagrams (b) and (c). We first look at the (b) diagram. The corresponding G µν is explicitly written as
with m the meson mass and M the baryon mass of the corresponding loop. By employing the Feynman parameterization [33]
and the following relation [33] 
In the same way, one can calculate the G µν σ µ ǫ ν term corresponding to the diagram (c) by simply exchanging M and m in Eq. (10), and replacing x(1−z) by −xz in Eq. (9):
It should be noted that we have neglected the magnetic term in calculating the diagram (c), which is small and vanishes in the heavy baryon limit when integrated over the loop momentum since there are p-wave and s-wave vertices in the loop. It is interesting to note that although the diagrams (a), (b), and (c) are all divergent by themselves, their sum, however, is finite as can be seen from Eqs. (9) and (11) . The above loop functions corresponding to the diagrams (b) and (c) can be calculated analytically, and their explicit form can be found in Ref. [28] , where the systematic cancellation of the logarithmic divergences is also shown. The radiative decay width of the Λ(1405) is calculated according to Table 5 . The effective couplings defined in Eq. (15) . with Y = Λ or Σ 0 and k the center of mass 3-momentum of the photon in the Λ(1405) rest frame. In this work, as in Refs. [4, 5, 24] , we use f = 1.15f π with f π = 93 MeV, D + F = 1.26, and D − F = 0.33.
The radiative decay widths are calculated to be Γ γΛ = 64.8 keV and Γ γΣ 0 = 33.5 keV for the high-energy pole, and Γ γΛ = 16.1 keV and Γ γΣ 0 = 73.5 keV for the lowenergy pole. These are tabulated in Table 3 together with the predictions of various other theoretical models, including the chiral quark model (χQM) [34] , the Bonn constituent quark model [35] , the non-relativistic quark models [36, 37] , the relativistic constituent quark model [38] , the MIT bag model [37] , the chiral bag model [39] , the soliton model [40] , the algebraic model [41] , and the isobar model fit [23] to the branching ratios of the radiative decays of the K − p atom [22] .
It is interesting to note that our predictions for the high-energy pole seem to agree more with the predictions of other theoretical models, i.e. they all predict a larger γΛ decay width than the γΣ 0 decay width except the algebraic model [41] . In addition, we note that our predictions for the high-energy pole are approximately only half of those predicted by the quark models [34, 36, 37, 38] , which have long been known to fail in describing the Λ(1405).
We have studied the effects of the finite width of the Λ(1405) on the calculated decay widths by convoluting the spectral function of the resonance:
where M and Γ are the pole mass and the corresponding width for either of the two poles of the Λ(1405), and s th is the threshold of the main decay channel πΣ. The results are listed in Table 4 . It is easily seen that they are qualitatively similar to those listed in Table 3 , but the γΛ rate for the low-energy pole has almost doubled, which might indicate relatively large uncertainties in this quantity.
It is instructive to see the origin of these results. Since the high-energy pole of the Λ(1450) couples more strongly to theKN channel and the low-energy pole couples more strongly to the πΣ channel (see Table 1 ), the difference between the results for the high-energy pole and low-energy pole can be easily understood by noting the chiral structure of the effective coupling constants g Λ(1405)→γΛ and g Λ(1405)→γΣ 0 , see Eq. (1). Neglecting the dependence on the loop functions, the couplings of M B → γY are proportional to
where Y is either Λ or Σ 0 , and Q M is the electric charge of the meson. The corresponding couplings are tabulated in Table 5 . From this table, one immediately realizes that in the decay to the γΛ final state, the contributions of the two intermediate channels π
+ Σ − and π − Σ + cancel each other, though not completely since the corresponding loop functions in these two channels will differ by a small amount considering that they have different but quite similar masses.
One can qualitatively understand the results for the partial decay widths of the two poles as follows. The coupling constants for these two poles differ in the relative strength of different channels: For the high-energy pole, the coupling to theKN intermediate channel is larger while for the low-energy pole the coupling to the πΣ channel is larger. Therefore, for the γΛ channel, using the coupling constants for the low-energy pole instead of the high-energy pole effectively reduces the contribution of the K − p channel while enhances the contribution of the π + Σ − and π − Σ + , but the contributions of the π + Σ − and π − Σ + almost cancel each other, and thus, the net effect of using the coupling constants for the low-energy pole instead of the high-energy pole reduces the corresponding decay width.
On the other hand, for the decay mode to the γΣ 0 final state, two things are noteworthy. First, the contribution of the K − p channel is much smaller compared to the contribution of the K − p channel to the decay mode γΛ. Second, the contributions of π + Σ − and π − Σ + add constructively instead of destructively. Therefore, when using the coupling constants for the low-energy pole instead of the high-energy pole, the radiative decay width increases.
At this point, we can conclude that if different experiments actually measure different radiative decay widths for the Λ(1405), it can be used as evidence for supporting the two-pole structure of the Λ(1405). Instead of the individual radiative decay widths, the ratio between the radiative decay widths to the γΛ and γΣ 0 final states might server better this purpose since in one case one has Γ γΛ /Γ γΣ 0 > 1 and in the other case one has Γ γΛ /Γ γΣ 0 < 1. This controversy, if confirmed by experiment, can only be explained by assuming that there are actually two poles related to the nominal Λ(1405).
At first sight, our calculated decay widths are somehow different from the isobar model fit of H. Burkhardt and J. Lowe [23] . However, one should remember that in their fit they used the nominal Λ(1405) mass. As we can see in Table 6 , when calculated at the nominal Λ(1405) mass, with the coupling constants of the high-energy pole, our calculated radiative decay width for the γΛ channel is 33.8 keV and for the γΣ 0 is 26.2 keV. On the other hand, if we use the coupling constants for the low-energy pole, the results would be 23.2 keV for the γΛ channel and 82.4 keV for the γΣ 0 channel. It is evident that our results with the highenergy pole coupling constants are in good agreement with the results of the isobar model fit: Γ γΛ = 27 ± 8 keV and Γ γΣ 0 = 23 ± 7 keV or 10 ± 4 keV [23] , if the calculations are done for the nominal Λ(1405) mass. This might indicate that the K − p intermediate channel, and thus the high-energy pole, is dominant in the process analyzed in Ref. [23] to deduce the radiative decay widths.
Finally, we would like to stress the importance of the baryon-pole term of the diagram (c) of Fig. 1 . If instead of employing gauge invariance and calculating all the three diagrams of (a), (b), and (c) of Fig. 1 (we call this scheme 1), we had calculated only diagrams (a) and (b), i.e. only the contact term and the meson-pole term (we call this scheme 2), we would have obtained different results. The corresponding K − p → γΛ loop functions are plotted in Fig. 2 as a function of the invariant mass of the M B system. The loop functions of scheme 2 are calculated using the cutoff Λ = 630 MeV as in Refs. [4, 24] . It is easily seen the baryon-pole term changes the real part of the loop function by ∼30%. As a consequence, without this term, the calculated radiative decay width would be larger by almost 40%. It is also interesting to note that the imaginary part of the contact plus meson-pole term of scheme 2 is identical to the imaginary part of the meson-pole term of scheme 1.
Exploration of possible reactions
In the previous section, we have shown that the radiative decay widths of the Λ(1405) to γΛ and γΣ 0 can be very different depending on which of the two poles dominates. Therefore, the good test would be to select different reactions which give different weights to the two poles. Such reactions can provide further evidence for the predicted two-pole structure of the Λ(1405). A first evidence for the two-pole structure of the Λ(1405) has been provided in Ref. [19] . By investigating the invariant mass distribution of the π 0 Σ 0 final state in the K − p → π 0 π 0 Σ 0 reaction, it was shown that this reaction gives more weight to the high-energy pole of the Λ(1405) in contrast to the reaction π − p → K 0 πΣ, where the low-energy pole is believed to be dominant. This π − p → K 0 πΣ reaction has been studied in Ref. [17] . The authors found that the pure chiral mechanism alone cannot reproduce the experimental invariant mass distributions. However, by explicitly taking into account the contribution of the N * (1710), which gives more weight to the πΣ channel, and thus more weight to the low-energy pole, they found that the experimental data can be reasonably described. In the following, we study the corresponding electromagnetic reactions
In Ref. [19] , it was found that the reaction
is dominated by the so-called nucleon-pole mechanism. By analogy, the K − p → π 0 γΛ(Σ 0 ) reaction should also proceed through the same mechanism, which is explicitly shown in Fig. 3 . The corresponding t-matrix reads
with M N the nucleon mass, E N the nucleon energy, and
The last term of Eq. (17) accounts for the first tree level diagram of Fig. 3 , while the other part of the A coefficient proportional to T K − p→j accounts for the third diagram (loop diagram) of Fig. 3 . The term B corresponds to the second tree level diagram of Fig. 3 . In Eq. (17), the T k − p→j , with j referring to the ten coupled channels, are the strong amplitudes of Ref. [5] , which is diagrammatically shown in Fig. 4 . The loop functions G b and G c are those of Eqs. (9) and (11). The invariant mass distribution is then calculated by
where √ s is the center of mass energy of K − p, θ 1 is the angle between p a and p 1 , θ 12 is the angle between p 1 and p 2 , fixed by kinematics, while φ 12 is the azimuthal angle of p 2 with respect to a frame where p 1 is chosen in the z direction. In addition,
The invariant mass distributions for the reactions K − p → π 0 γΛ and K − p → π 0 γΣ 0 for a kaon of laboratory momentum 687 MeV are shown in Fig. 6 . It is seen that both the invariant mass distributions exhibit a peak at ∼1420 MeV, and therefore manifesting the high-energy pole of the Λ(1405). The invariant mass distribution is also different from a Breit-Wigner shape, particularly that of the γΛ channel, which is due to the background terms (the tree-level diagrams in Fig. 3) .
It is interesting to recall that in Refs. [4, 5] , the two poles, one at 1390 MeV with a width of 132 MeV and the other at 1426 MeV with a width of 32 MeV, are generated through the interaction of the ten coupled channels. The low-energy pole couples more strongly to the πΣ channel while the high-energy pole couples more strongly to thē KN channel. It was argued in Ref. [7] that reactions favoring different channels would lead to different invariant mass distributions giving more weight to one pole or the other. It should be noted that in Ref. [4] , the experimental invariant mass distribution was produced by the following formula
and thus giving more weight to the low-energy pole and resulting in a peak at ∼1400 MeV. However, in the presence of two resonances, the different T ij amplitudes do not peak at the same place, and particularly, TK N →πΣ peaks at higher energies than T πΣ→πΣ [7] . In such a case, Eq. (22) should be replaced [7] by
Hence, if the reaction mechanism does not completely forbid aKN channel, then the peak should always be shifted towards higher energy. Thus, it is not surprising that the invariant mass distributions of all the three reactions [15, 16, 19] studied previously including the present one exhibit a peak around ∼1420 MeV. It is worth pointing out an interesting difference between the reactions studied in this work and the other reactions [15, 16, 19] . In the reaction K − p → π 0 γΛ(Σ 0 ) and the reaction π − p → K 0 γΛ(Σ 0 ), which will be studied below, the K − p → K − p channel appears as an intermediate channel. Since the magnitude of the t-matrix of this channel is much larger than those of the other channels, and since this channel manifests the high-energy pole (see Fig. 7 ), one can always expect a peak at ∼ 1420 MeV in the invariant mass distribution of the final states unless some reaction mechanisms largely suppress this channel. On the other hand, in the πΣ final states studied in Refs. [15, 16, 19] , the TK N →KN does not contribute and because theKN → πΣ and πΣ → πΣ amplitudes have similar strength (in fact the modulus of the K − p → πΣ amplitude is still approximately two times larger than that of the πΣ → πΣ amplitude at their respective peak positions), the invariant mass distributions will be a superposition of the two peaks, and, depending on the reaction mechanism, the final distribution will peak at one or another energy. This situation is somewhat similar to the two-pole structure of the K 1 (1270) [42] . There, it was found that due to the dominance of the ρK → ρK amplitude over the other amplitudes leading to the ρK final states, a prominent peak at ∼ 1280 MeV would be preferred in the invariant Fig. 8 . The diagrams contributing to the reaction π
mass distribution of the Kππ system leading to ρK final states.
The π
In Ref. [17] , it was shown that the reaction π − p → K 0 πΣ can be reasonably described in terms of t-channel and schannel resonance exchanges. The corresponding electromagnetic reaction π − p → K 0 γΛ(Σ 0 ), in principle, should also proceed through similar mechanisms. Nevertheless, since we only want to make an exploratory study of this reaction, we neglect the mechanisms of t-channel meson exchange (and associated contact M M BBB terms), referred to as chiral terms in Ref. [17] , and concentrate on the s-wave N * (1710) resonance contribution, which was found to be largely dominant in Ref. [17] .
The t-matrix element corresponding to the resonance mechanism shown in Fig. 8 reads (24) with
where i, j can be any of the ten coupled channels. The couplings constants C i can be found in Table II of Ref. [17] . The loop function G i is that of one meson and one baryon, which is calculated in the dimensional regularization scheme and with the same subtraction constants as in Ref. [5] . The meson energies ω i and ω K 0 are calculated by 
with √ s the invariant mass of π − p, m i and M i the meson and baryon masses of channel i, and M I the γΛ(Σ 0 ) invariant mass.
In our calculation, the parameter set II of Ref. [17] is used, i.e. M R = 1740 MeV, |A| = 0.1344, |B| = 0.842, Γ ( √ s = 2020 MeV) = 776 MeV. The invariant mass distributions are calculated by
and are shown in Fig. 9 for a pion of laboratory momentum 1690 MeV. At first sight, two things are surprising. First, the π − p → K 0 γΛ reaction still exhibits a peak around ∼1420 MeV. Second, the magnitude of the π − p → K 0 γΛ is still larger than that of π − p → K 0 γΣ 0 . This is due to the following reasons: As we have noticed in the previous section, the π + Σ − → γΛ term and the π − Σ + → γΛ term nearly cancel each other. Therefore, it is natural that the π − p → K 0 γΛ reaction still manifests the high-energy pole of the Λ(1405) since in this reaction the K − p → γΛ intermediate channel contributes most. While in the π − p → K 0 γΣ 0 reaction, the contribution of K − p → γΣ 0 itself is small and is further suppressed by the ω K − − ω K 0 factor of Eq. (26) . On the other hand, the π + Σ − → γΣ 0 and π − Σ + → γΣ 0 terms add constructively and both give more weight to the low-energy pole of the Λ(1405). Therefore, the net result is a broad peak around ∼1390 MeV, in agreement with the finding of Ref. [17] . The larger magnitude of π − p → K 0 γΛ is due to the fact that the strong amplitude K − p → K − p is much larger than the other i → j amplitudes, as we have discussed previously.
Summary and conclusions
Using the unitary extension of the chiral perturbation theory UχPT, we have calculated the radiative decay widths of the Λ(1405). Since there are two poles in the UχPT models corresponding to the nominal Λ(1405), our calculations, using the model of Refs. [4, 5] , result in two different radiative decay widths. For the high-energy pole, our calculated widths, Γ γΛ =64.8 keV and Γ γΣ 0 =33.5 keV, are in qualitative agreement with the predictions of the isobar model fit, in particular, when evaluated at the nominal Λ(1405) mass where the agreement is very good, but they are in sharp contrast with those of the quark models and the bag models. The disagreement with the quark model predictions adds to the list of other magnitudes that the quark models also fail to reproduce. For instance, the Λ(1405) and the Λ(1520) are degenerate in the model of Ref. [1] .
We also evaluated the radiative decay width for the low-energy pole, and we obtain a totally different result with Γ γΛ = 16.1 keV and Γ γΣ 0 = 73.5 keV. These are completely different from all the existing model predictions. All the other theoretical models predict a larger γΛ decay width while a smaller γΣ 0 decay width except the algebraic model [41] .
To find a possible reaction which might give different weights to the two poles of the Λ(1405), we have studied the reactions K − p → π 0 γΛ(Σ 0 ) and π − p → K 0 γΛ(Σ 0 ). These two reactions share a lot of similarities with the corresponding hadronic reactions, K − p → π 0 π 0 Σ 0 and π − p → K 0 πΣ, which have been previously studied in Refs. [19, 17] and found to yield reasonable agreement with the data. Our studies show that both these reactions yield a larger γΛ cross section and a smaller γΣ 0 cross section. This reflects a non-trivial feature of the UχPT model: the magnitude of the K − p → K − p amplitude is much larger than that of the other amplitudes. On the other hand, there are subtle differences between the two reactions studied, K − p → π 0 γΛ(Σ 0 ) and π − p → K 0 γΛ(Σ 0 ). While the first reaction gives more weight to the highenergy pole in both channels, the second reaction gives more weight to the high-energy pole in the γΛ channel and to the low-energy pole in the γΣ 0 channel. This is reflected by exhibiting a narrower peak at ∼ 1420 MeV in the former channel and a broader peak at ∼ 1390 MeV in the latter channel. The total cross sections for the K − p reaction at p K (lab) = 687 MeV are 1.78 µb (γΛ) and 0.41 µb (γΣ 0 ), which are integrated [see Eq. (19)] with the lower limit M I = 1300 MeV to avoid infrared divergence. The cross sections for the π − p reaction at p π (lab) = 1690 MeV turn out to be 3.90 × 10 −2 µb (γΛ) and 1.58 × 10 −2 µb (γΣ 0 ). Therefore, an experimental measurement of the radiative decay widths of the Λ(1405) in the related reactions, such as K − p → π 0 γΛ(Σ 0 ) and π − p → K 0 γΛ(Σ 0 ), not only would lend further support to the predicted two-pole structure of the Λ(1405) but also to the underlying chiral unitary approach, which so far has provided a systematic and consistent description of the Λ(1405) and low-energy reactions involving it. 
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